Abstract. Based on a case study we test the cavity mode model of the magnetosphere, looking for eigenfrequencies via multi-satellite and multi-instrument measurements. Geotail and ACE provide information on the interplanetary medium that dictates the input parameters of the system; the four Cluster satellites monitor the magnetopause surface waves; the POLAR (L=9.4) and LANL 97A (L=6.6) satellites reveal two in-situ monochromatic field line resonances (FLRs) with T=6 and 2.5 min, respectively; and the IMAGE ground magnetometers demonstrate latitude dependent delays in signature arrival times, as inferred by Sarafopoulos (2004b) . Similar dispersive structures showing systematic delays are also extensively scrutinized by Sarafopoulos (2005) and interpreted as tightly associated with the socalled pseudo-FLRs, which show almost the same observational characteristics with an authentic FLR. In particular for this episode, successive solar wind pressure pulses produce recurring ionosphere twin vortex Hall currents which are identified on the ground as pseudo-FLRs. The BJN ground magnetometer records the pseudo-FLR (alike with the other IMAGE station responses) associated with an intense power spectral density ranging from 8 to 12 min and, in addition, two discrete resonant lines with T=3.5 and 7 min. In this case study, even though the magnetosphere is evidently affected by a broad-band compressional wave originated upstream of the bow shock, nevertheless, we do not identify any cavity mode oscillation within the magnetosphere. We fail, also, to identify any of the cavity mode frequencies proposed by .
Introduction
In the single-fluid field line resonance (FLR) model (Southwood, 1974; Chen and Hasegawa, 1974) compressional Correspondence to: D. V. Sarafopoulos (sarafo@ee.duth.gr) mode magnetic waves propagating in the near-Earth magnetosphere couple into transverse magnetic standing waves on closed magnetic field lines. Each field line has its own set of discrete resonant frequencies. Toroidal resonances commonly have been observed by AMPTE/CCE (Anderson et al., 1990; Nosé et al., 1995; Engebretson et al., 1986) and ISEE 1 and 2 (Mitchell et al., 1990) in a wide range of L. Conversely, Pc5 pulsations observed by ground-based magnetometers and HF (high frequency) radar data rarely exhibit this frequency spreading (see review papers of Hughes, 1994; Glassmeier, 1995a; and Takahashi, 1998 ; also the works of Glassmeier, 1995b; McDiarmid and Allan, 1990; Ziesolleck and McDiarmid, 1995) . A possible solution to this inconsistency was offered by Kivelson et al. (1984) , who suggested that the magnetosphere may resonate with its own set of eigenfrequencies (i.e. the cavity mode model). Southwood (1985, 1986) further developed this idea, postulating that a frequency-dependent turning point and the magnetopause form the inner and outer boundaries of this cavity, respectively. The model predicts energy transport from the magnetopause to the turning point for waves that propagate with the cavity eigenfrequencies (which are determined by magnetospheric boundary conditions). The theoretical models for the cavity mode include a simple box geometry with perfectly reflecting boundaries (Kivelson and Southwood, 1986 ), a rectangular wave guide , a cylindrical magnetosphere (Allan et al., 1986) or a dipole magnetosphere (Lee and Lysak, 1989) . The differences in the magnetospheric geometry lead to different mode structures.
An important factor to be considered, in addition to cavity geometry, is loss of the fast-mode energy by various mechanisms (for instance, conversion into the shear Alfvén waves, Joule dissipation caused by finite ionospheric conductivity, tailward escape, and loss into the solar wind through the magnetopause). Obviously, loss of fast-mode energy through these mechanisms reduces the Q value of the magnetospheric cavity mode. Whether one can detect the compressional eigenmodes as narrow-band oscillations should depend critically on how quickly the fast-mode energy is lost out of the cavity. No numerical studies have made a comprehensive assessment of the energy loss mechanisms, so the debate continues about whether the cavity mode can be experimentally detected (Takahashi, 1998) .
Another factor that must be considered in trying to identify the magnetospheric cavity/waveguide mode, and in distinguishing between forced and standing compressional oscillations of the magnetospheric cavity, requires a careful inspection of the solar wind variations that impinge on the magnetopause and the mode structure of magnetic field perturbations in the magnetosphere. A multiharmonic cavity mode may be excited by a broad-band solar wind pressure wave. According to computer simulations, assuming perfectly reflecting boundaries (e.g. Lee and Lysak, 1991a) , not only the cavity mode but also the multiharmonic toroidal resonances (Alfvén continuum) are excited by the impulsive source. In contrast, when the solar wind pressure (or some other external quantity) changes periodically in a sinusoidal manner, the magnetospheric field will oscillate with the same periodicity. According to numerical simulations (Lee and Lysak, 1991b) , the compressional oscillations can couple to toroidal-mode standing Alfvén waves at the locations where the driver frequency matches the local toroidal-mode Alfvén frequency. Harrold and Samson (1992) and Samson et al. (1992) proposed that pulsations with discrete frequencies of 1.3, 1.9, 2.6, 3.4, and 4.2 mHz (the so-called CMS frequencies, after the cavity mode model of Samson et al., 1991) observed by high-latitude radar arise from a waveguide mode on the flankside of the magnetosphere. The latter motivated several studies that searched for pulsations having these frequencies, while Samson et al. (1992) and Walker et al. (1992) reported that these frequencies vary little and do not depend on the geomagnetic condition.
There are studies in support of the presence of CMS frequencies at different latitudes and from different instruments. Shimazu et al. (1995) report multipoint observations of a Pc5 pulsation having discrete frequencies of 3.3, 4.7, 5.9, and 7.1 mHz following a minor increase in the solar wind dynamic pressure, at latitudes ranging from the auroral zone to the geomagnetic equator. Provan and Yeoman (1997) use the Wick radars (L=4-6.5) and find some of the CMS frequencies at mid-latitude. An additional report of the CMS frequencies comes from magnetometer observations at a low latitude (L=1.6) station (Francia and Villante, 1997) . Further support for the CMS frequencies was provided by Fenrich et al. (1995) , who studied 12 FLR events with Super-DARN data. Their results indicated that the CMS frequencies were prevalent at all magnetic local times. Ziesolleck and McDiarmid (1995) conducted a statistical study, based on the CANOPUS magnetometer data (L=4.2-12.3), and in contrast to the event studies listed above, their results demonstrated that while FLRs occur with the same frequency at all latitudes, they do not preferentially occur at the CMS frequencies. In fact, Ziesolleck and McDiarmid (1995) proposed three new sets of discrete frequencies which might be more prevalent than the CMS frequencies. More recent Pc5 ground pulsation studies have also addressed the subject of stable, repeatable, discrete frequencies. Mathie et al. (1999) found that the CMS frequencies were prominent in their 137 pulsation events but were unable to confirm that the frequencies were stable. Chisham and Orr (1997) found no evidence of the CMS frequencies in their 129 events but did find a set of recurring frequencies that were consistent with one of the frequency sets proposed by Ziesolleck and McDiarmid (1995) . Usually pulsations are observed under a large range of solar wind conditions, a large set of magnetospheric configurations, a variety of boundary conditions applied to the waveguide and consequently, the eigenfrequencies may change accordingly (Baker et al., 2003) .
Finally, we note that there is a class of Pc5 pulsations that are directly driven by periodic disturbances in the solar wind. Korotova and Sibeck (1995) and Matsuoka et al. (1995) used ground and geosynchronous (or near-geosynchronous) satellite observations, along with a solar wind monitor and reported Pc5-band pulsations that are associated with similar periodic changes in the dynamic pressure of the solar wind. A similar but more persistent solar-wind-driven pulsation event in the tail lobe is reported by Sarafopoulos (1995) , using IMP-8 observations. Because of the simultaneous solar wind measurements of the dynamic pressure by the ISEE 3 spacecraft, there is little doubt that the lobe oscillation is a direct response to the solar wind oscillation. The Sarafopoulos event lasted 2-3 h and had a frequency of 1.7 mHz, which is quite close to one of the CMS frequencies. The pulsation reported by Korotova and Sibeck (1995) had a frequency of 2.2 mHz, and those reported by Matsuoka et al. (1995) also had a median frequency of 2.2 mHz. From these examples it is clear that disturbances in the solar wind can be a direct cause of low-frequency pulsations observed on the ground and that wave guide modes are not necessarily the only cause of Pc5 pulsations. The question is how often these solarwind-induced magnetic pulsations contribute to the pulsations observed on the ground by radar or magnetometers (Takahashi, 1998) . It is of great importance to examine the state of the solar wind at times when magnetic pulsations are observed on the ground, and this is the decisive element for this work case study. Not only does solar wind directly drive magnetospheric pulsations, but it should also control the frequency of magnetospheric resonances. As for the waveguide mode, we note that the distance of the outer boundary will become smaller for a larger solar wind dynamic pressure or a larger southward component of the interplanetary magnetic field. Sarafopoulos (2004a) provided conclusive observational evidence demonstrating that a solar wind pressure pulse produces a twin-vortex system of ionospheric currents, while a stepwise pressure increase/decrease creates a single vortex structure, at high-latitude ground magnetograms. Sarafopoulos (2004b) observed latitude-dependent delays in signature arrival times at the dawnside ground magnetograms and demonstrated that these structures are directly dictated by successive exo-magnetosphere pressure pulses applied along the magnetopause. He established (using ground and satellite data, together with results from the Tsyganenko T96 model of the magnetosphere) the conditions under which a compression wave travelling tailward along the magnetopause surface will produce poleward moving signatures in ground magnetograms. This phenomenon, characterized by ground dispersive structures, produces waveforms out of phase, and changes the pulsation polarization sense, much like the FLR mechanism (Sarafopoulos, 2005) . The event under study is associated with twin-vortex ionosphere structures and can be termed as a pseudo-FLR event. Given that many works in the past that engaged with ground Pc5 pulsations do not incorporate the solar wind conditions, it is probably inevitable that many events selected as FLRs are, in fact, repetitive twinvortex structures. Under the Sarafopoulos (2004b Sarafopoulos ( , 2005 perspective the observation that all the auroral ground stations show the same frequency, which is associated with successive twin-vortex current systems imposed by a magnetopause surface wave, has nothing to do with the cavity mode. The latter is the subject for this study, which further extends this author thinking. Despite the large amount of work that has been conducted in the past, the issue concerning the magnetospheric cavity mode eigenfrequencies remains controversial. This work tests the cavity mode model using a case study.
Observations
This work deals with a case study of day 181, 2001 , that incorporates measurements obtained (a) in the solar wind plasma regime (Geotail and ACE satellites), (b) at the magnetopause surface (four Cluster satellites), (c) well-inside the magnetosphere (POLAR and LANL satellites), and (d) on the Earth's surface (through the IMAGE array stations corresponding to the dawn sector plasma sheet). As a result, first, we have knowledge of the exo-magnetosphere conditions determining the energy input for the system. Second, we are certain that the magnetopause surface actually oscillates and propagates inward compressional waves which are associated with significant power spectral density (PSD). Third, the in-situ measurements within the magnetosphere give us the opportunity to probe the local FLRs, or the supposed cavity/waveguide mode oscillations. Finally, the ground magnetograms are of crucial importance to trace the ionosphere response and classify the ground signatures according to their spatial and temporal structures. The same time interval was studied, in part, by Sarafopoulos (2004b) ; and Fig. 1 presents the result from the mapping process of the IMAGE array ground stations (i.e. NAL, LYR, HOR, HOP, BJN, TRO, KEV and NUR) via Tsyganenko's T96 model (Tsyganenko, 1995 (Tsyganenko, , 1996 over the equatorial plane, something which is shown previously by Sarafopoulos (2004b, in his Fig. 10 ). The open circle symbols correspond to the real ground station coordinates, whereas the solid circles correspond to a hypothetic chain of ground stations having the same geographic longitude of 19.2 • (i.e. the BJN station longitude). Eventually, the integration of all the available information will enable us to search in depth whether a cavity/waveguide excitation mode in the Pc5 band of frequencies has actually taken place.
Response of the POLAR satellite
We examine the Pc5 frequency pulsations of plasma density and magnetic field that occur during a pass of the POLAR satellite along the dawn meridian and close to the geomagnetic equator; an interval of two hours (03:45 to 05:45 UT) of day 181, 2001 , is under study. At 04:50 UT the POLAR satellite was positioned (see Fig. 1 ) at (X, Y, Z) GSM =(0.107, −9.16, 2.04) R E . We use plasma data from the Thermal Ion Dynamics Experiment (TIDE), vector magnetic field data from the Magnetic Field Experiment (MFE), and electric field (E xy and E z ) measurements from the Electric Field Instrument (EFI). Figure 2 clearly shows 10 variation cycles (pulsations) observed by POLAR from 04:25 to 05:20 UT. The periodicity T is exactly 6 min around the time of the largest amplitude waves. The plasma ion density (top panel) and velocity V x and V y components (second and third panels, respectively) are very well modulated by the wave. The strongest component of the magnetic field oscillation is the B x (fourth panel), while the B y and B z components are weak and somewhat irregular (not shown here). Instead of presenting B y and B z , we prefer to show the compressional and transverse components of the GSM vector magnetic field that is transformed to a field-aligned coordinate system in whicĥ c is the unit vector along the average field for the interval of Fig. 2 ;î=ê xĉ, whereê is the duskward unit vector, and j=ĉ xî. The new components are the transverse components B i and B j , and the compressional component B c (bottom three panels). The B i is almost identical to the B x shown in the fourth panel. In this POLAR position, along the dawn meridian, the X direction is azimuthal, while the Y direction is nearly radial. Therefore, the pulsations under study show clearly a toroidal mode of waves. Figure 3 keeps a close watch on two variation cycles (marked as A and B along the ion density profile, top panel), which are representative of the whole event. The electric field shows a strong oscillation in the E z component (bottom panel) and a weaker one over the XY plane (fifth panel). The dominant variation for the electric field component E z leads the variation for the dominant magnetic field component B x (fourth panel) by 90 • . This phase relation implies a standing transverse wave at the fundamental mode. In particular, it shows the same frequency, at almost the same site, as in the case studied by Mitchell et al. (1990) using the ISEE 1 and 2 satellites. It is worth noticing that there is a quantitative agreement between the velocities derived from the plasma experiment and the observed electric field: For instance, given that the V y prevails over the V x , then E x ≈E xy ≈V y B z ≈30 km·s −1 * 32 nT≈1 mV/m, which is the directly measured value via the EFI instrument. Given that for standing Alfvén waves the density remains constant, we conclude that the periodic density variations have to be associated with the compressional B c component of the magnetic field (Fig. 2, bottom panel) .
The hodogram for the velocity components V x and V y , as it results from a careful inspection of the two representatively shown variation cycles in Fig. 3 , is schematically drawn in Fig. 4 . Each variation cycle corresponds to a plasma vortex with an average diameter of ∼0.5 R E . The letters marked along the V x and V y traces in Fig. 3 correspond to those used in the hodogram of Fig. 4 . The polarization sense is righthanded (RH), and each vortex over the XY plane is associated with a converging electric field topology marked with arrows across the circular plasma path in Fig. 4 . The electric field has the value E=−U xy x B z , and as it applies over the ionosphere Joule dissipation takes place. If this plasma sheet vortex is projected over the ionosphere and is scaled down ∼30 times (Glassmeier et al., 1999) , then it is probable that the ionosphere currents associated with this vortex will not be detectable by the ground-based magnetometers (because of the spatial integration effect). In summary, Fig. 2 shows ten (out of more than twenty) successive vortex structures associated with almost monochromatic oscillations of B x with T=6 min, which, we believe, to be the resonant ringing of the medium at this L shell region. This pulsation event occurs with very low geomagnetic activity and the magnetopause surface probably constitutes the broad-band energy source for the waves under investigation.
Solar wind conditions obtained by Geotail and ACE
In parallel to the repetitive plasma vortices seen by POLAR, it is of great importance to look at the solar wind conditions. Although for this event conditions are essentially analyzed in a previous work (Sarafopoulos, 2004b; Figs. 1, 4 and 5) it is useful, however, to present here the main solar wind variations that influence the magnetosphere. Additionally, we incorporate, for the first time, the most critical parameter which is the solar wind dynamic pressure. We mention that Geotail and ACE were located at (X, Y, Z) GSE =(15.27, 2.43, 1.66) and (247.8, 20.4, 14. 3) R E , respectively, at 05:00 UT. Figure 5 shows, from top to bottom: (a) the three major IMF amplitude depressions recorded by Geotail, marked with the capital letters A, B and C; (b) the solar wind ion pressure (in nPa) and density (in cm −3 ) measured by Geotail; (c) the ACE satellite magnetic field amplitude shifted in time 71 min to match the Geotail data, and (d) the Cluster 3 B y component of the magnetic field showing three intermittent exits of the satellite from the plasma mantle into the magnetosheath. The negative value of B y in the magnetosheath was inferred by the IMF measured on board Geotail (not shown here). Although the resolution time of the Geotail CPI/SWA Fig. 2 . Measurements from the POLAR satellite: (a) ten variation cycles of the ion density (in cm −3 ), (b) ion V x and V y velocities (in km s −1 ), (c) magnetic field B x component (in nTs), and (d) the transverse B i and B j and compressional B c components (bottom three panels) of the GSM vector magnetic field, which is transformed to a field-aligned coordinate system in whichĉ is the unit vector along the average field for the shown interval,î=ê xĉ, whereê is the duskward unit vector, and j=ĉ xî. The toroidal character of waves is apparent. Fig. 3 . Two variation cycles of POLAR ion density (top panel) associated with the ion velocities V x and V y (second and third panels), the magnetic field B x toroidal wave (fourth panel) and the electric field E xy and E z components (in mV m −1 ). plasma experiment is ∼51 s, nevertheless, we are certain that three major solar wind pressure increases are anticorrelated to the IMF amplitude depressions. Then, these pressure variations are applied over the magnetosphere, forcing Cluster 3 to exit three times out of the magnetosphere cavity (bottom panel). Cluster 3 was located at (X, Y, Z) GSE =(−1.9, −10.67, 8.56) R E , at 05:00 UT (Fig. 1) . The dashed line in the top panel results as a polynomial fitting of order four. The ACE magnetic field trace (fourth panel) confirms that the three characteristic variations marked as A, B and C are inherent to the solar wind plasma regime.
Response of the LANL 97A satellite
The geographic longitude for the geostationary satellite LANL 97A is 70.2 • , and at 05:00 UT it is positioned at (X, Y)=(5.42, −3.77) R E . This dayside position (Fig. 1 ) allows 97A to be affected earlier than the POLAR satellite from the three solar wind pressure pulses (Sarafopoulos, 2004b). Figure 6 , from top to bottom, shows (a) the Fig. 6 correspond to low-pass filtered data with cutoff frequencies 2 and 2.4 mHz for the PO-LAR (third panel) and LANL 97A data, respectively. The applied frequency cutoffs are dictated by the power spectra, which are presented later on. These filtered energetic proton fluxes of 97A, as well as the magnetic field component B c of POLAR, clearly show three major increases that are obviously associated with the compressions A, B and C. In this way, at the LANL 97A site, it is demonstrated that a wave with a periodicity of ∼2.5 min is superimposed over the three major decreases caused by the solar wind pressure pulses. The thin-dashed vertical lines (second panel) emphasize the high frequency wave with T=2.5 min. The three thick-dashed vertical lines mark the occurrence times of pressure pulses at different sites. Although the POLAR magnetic field pulsations are largely non-compressive, with a dominant B x oscillation, however, we recognize a weak compressional component with B/B ∼ =0.045, which is modulated by the three magnetosphere compressions. Much like the fact that the POLAR ion density profile shows a single unique oscillation frequency, which is interpreted as the manifestation of the local FLR phenomenon at L ∼ =9.4, the 97A energetic particle discrete and stable periodicity of ∼2.5 min reflects the local FLR at L=6.6. It seems that the 97A particle fluxes respond passively to the magnetic field structure oscillations.
We assume that the currents associated with the FLRs (transverse oscillations) propagate along the magnetic field lines, whereas the wave pressure information (variations A, B and C) at L=6.6 and 9.4 is transmitted by fast mode waves.
The POLAR FLR oscillations persist before and after the interval confined between the three marked solar wind pressure variations. Nevertheless, the POLAR ion density wave increases its amplitude within this interval, an indication that the fast mode wave energy is partly consumed via local FLRs.
Response of the four Cluster satellites
The Cluster 3 spacecraft, at 05:00 UT, was positioned at (X, Y, Z) GSE =(−1.9, −10.67, 8.56) R E , and Cluster 1, 2, and 4, relatively to Cluster 3, were positioned at ( X1, Y1, Z1)= (323, −1918, 1907) Sarafopoulos, 2004b) showing the Cluster 3 B y magnetic field component measured by the FGM experiment (Balogh et al., 1997) . The negative values along the B y trace represent the magnetic field lines that are draped around the magnetopause, given that the IMF has an intense negative B y component about -3nT. Therefore, the three successive exits of Cluster 3 are caused by three intense compressions applied over the magnetopause. The resulted surface wave propagates tailward with an estimated velocity ∼210 km·s −1 , a surface wavelength ∼16 R E , and an azimuthal wave number m ∼ =6 (Sarafopoulos, 2004b) .
After the just presented "first time interval" the situation seems to be radically different. The amplitude of the magnetopause surface wave is apparently significantly reduced, and consequently, Cluster 3 remains permanently inside the magnetopause. In contrast, the other three Cluster satellites remain essentially in the magnetosheath plasma regime (B y <0) and quasi-periodically enter into the magnetosphere (B y >0). The latter is clearly demonstrated via Fig. 8 , showing the B y responses for all the four Cluster satellites, in four successive magnetotail expansions/contractions. This "second time interval" of Fig. 8 is not associated with an intense ULF activity visible along the IMF amplitude trace (first panel) or the solar wind ion pressure (second panel), in contrast to the situation of the preceding period of Fig. 5 . Actually, the Geotail time series, which are time-shifted 13 min to match the Cluster data, do not show any repetitive varia- tion which could be associated with the four variation cycles marked with the numbers 1-4 along the Cluster 4 B y trace, or the five variation cycles marked with the numbers 1-5 along the POLAR ion density trace (third panel). In this case, we are almost certain that the surface wave is not directly driven by the solar wind conditions, and that KHI may be the specific mechanism producing it.
Discussion

Simultaneous pseudo-and authentic-FLRs
In Fig. 9 the power spectral densities (PSDs) are computed for a few time series obtained from the POLAR and LANL 97A satellites and the ground station LYR. The purpose is to determine the underlying excitation mechanisms for the identified periodic variations. All four spectra shown are computed for the interval 04:30-05:20 UT, corresponding exactly to that shown in Fig. 6 , and having the prominent feature that three successive exo-magnetosphere compressions occur within it. The X-component magnetogram from the LYR station (first panel) shows wave activity confined between T=5.5 and 12 min; with the assumption that significant frequencies are those lying above the half-maximum PSD level. At this moment we mention, again, that the X component magnetograms of all the IMAGE stations demonstrate, for the case under study, the latitude dependent dispersive structures shown by Sarafopoulos (2004b, Fig. 1 ) and are interpreted as the manifestation of pseudo-FLRs, which are associated with the formation of twin-vortex ionosphere current structures, a notion well-developed recently by Sarafopoulos (2005) . In addition, it was established by Sarafopoulos (2004a) that each solar wind pressure pulse produces a twin-vortex system according to his multisatellite observations. Therefore, the LYR station wave activity (Fig. 9) probably reflects the direct influence of the three solar wind pressure pulses associated with the pseudo-FLRs.
The LANL 97A energetic proton fluxes, for the energy channel 75-113 keV (Fig. 9, second panel) , show two distinct periodicities: one at T ∼ =2.5 min, which most probably is due to the local FLR and has a monochromatic character, and a second at around 8.5 min, which is due to the solar wind pressure pulses and has a more broad-band character. The ion density PSD of POLAR (Fig. 9, third panel) shows a unique dominant periodicity at T=6 min originated by the local FLR mechanism. Finally, the PSD computed from the POLAR magnetic field strength (fourth panel) shows two periodicities: one at T=6 min, which is the already identified local FLR oscillation, and a second at T ∼ =10 min, which is most probably caused by the solar wind pressure variation. Therefore, we believe that the differentiation between authenticand pseudo-FLRs is very clear. It is demonstrated, with insitu measurements, that genuine FLRs are actually excited as monochromatic waves at two widely separated sites within the magnetospheric cavity. In contrast, the pseudo-FLRs detected by ground magnetometers or satellites (and marked in Fig. 9 ) are more broad-band in their character and probably are driven by the three exo-magnetosphere successive compressions.
Energy source for the FLR and non-FLR oscillations
To understand better the interaction among the solar wind variations, the magnetopause motion and the ionosphere currents, we compute a few more power spectra. We divide the whole interval under study into two subintervals: the first one that essentially corresponds to the occurrence time of the three solar wind pulses (Fig. 10 , interval from 04:20 to 05:10 UT, in which the Geotail data are time-shifted 13 min to match the magnetosphere data), and the second one, in which, although the magnetopause surface quasiperiodically oscillates as well (Fig. 11 , interval from 05:03 to 05:32 UT, that is exactly that presented in Fig. 8 ), the solar wind parameters do not show any significant variation. First, we compute for both intervals the PSDs of the IMF amplitude (Fig. 10 , second panel and Fig. 11, top panel) , given that these high resolution measurements are anticorrelated to the solar wind pressure (Fig. 5) . Actually, the computed PSD for the solar wind ion pressure (Fig. 10, first panel) shows the same two major peaks as the IMF, even though the plasma data are of low resolution. The result is that (a) the input energy of the solar wind has actually a broad-band character (T=5-12 min), and (b) the input energy is much smaller for the second interval, given that both of the computed IMF PSDs are displayed in scale. The high latitude ground station LYR (Fig. 9) has essentially a similar power spectrum as the IMF amplitude in Fig. 10 . During both subintervals the mag- netopause surface oscillates, while the magnetic field component B y of Cluster 3 (first subinterval; Fig. 5 ) and Cluster 2 (second subinterval; Fig. 8 ) is directly associated with the spacecraft' entries into, and exits out of, the magnetosphere. In both subintervals the magnetopause oscillates and actually constitutes a broad-band energy source that is able to propagate inward fast mode waves.
The Cluster 2 B y line at T ∼ =3.5 min (Fig. 11 ) may excite the FLR, which is also visible along the trace of the BJN PSD (Fig. 11, bottom panel) . The same line of T ∼ =3.5 min, for the BJN station, is strong during the first subinterval (Fig. 10 , fourth panel) as well, in which a second line with T ∼ =7 min (Fig. 10) is simultaneously apparent. The conjugate point for the BJN station over the XY plane, as it is determined using the T96 model, is (X, Y)=(1.64, −9.7) R E . This point corresponds to L=9.84, and given that the POLAR at L=9.4 is associated with the FLR period of 6 min, then it is plausible to hypothesize that the BJN line of T ∼ =7 min is probably the local resonant frequency that corresponds to the fundamental mode oscillation, while the line at ∼3.5 min corresponds to the first harmonic.
The cavity/waveguide mode is not revealed
The discrete and stable frequencies with T ∼ =2.5 and 6 min, which are locally observed by LANL 97A and POLAR, respectively, as well as the periods of T=3.5 and 7 min detected by the BJN ground station, are probably produced by spatially restricted FLRs, and consequently, they are not the Fig. 8 . From top to bottom: Geotail magnetic field amplitude and solar wind ion pressure shifted in time 13 min to match the POLAR and Cluster data; POLAR ion density profile, and the B y component of the magnetic field for each of the four Cluster satellites. During this interval Cluster 3 remains inside the magnetopause (B y >0), whereas the other three Cluster satellites remain in magnetosheath (B y <0) and enter into the magnetosphere proper only for four short intervals. For the same interval the POLAR ion density shows five complete variation cycles. eigenfrequencies developed within the magnetosphere from a supposed cavity/waveguide mode. The latter is obvious because if we had adopted the cavity mode scenario, then the lines of T=2.5 and 6 min should have been observed by both satellites (i.e. POLAR and 97A). Conversely, they are developed and observed locally. During the interval presented in Fig. 6 , 04:30-05:20 UT, the LYR station shows a main frequency at T ∼ =8.5 min (Fig. 9) , however, the wave activity has a more broad-band character that extends from T ∼ =5.5 to 12 min. Therefore, by itself, the ground response is not monochromatic, as the cavity mode model requires. We mention, again, that the cavity mode model was introduced to reconcile the development of monochromatic pulsations observed on the ground with a broad-band energy input via the KHI. The PSD of LYR (Fig. 9) probably reflects the broadband character seen in the solar wind variation parameters that directly affect the magnetosphere. Actually, apart from the unambiguously recognized FLR frequencies, the POLAR and 97A measurements show a wave activity that is due to the solar wind conditions rather than to the cavity mode. As a matter of fact, only the time series dependent on the total magnetic field B are affected within the magnetosphere. The whole magnetosphere is successively compressed and decompressed, the magnetic field amplitude is directly affected (the POLAR case, Fig. 6 ) and, in turn, the energetic particle fluxes at the 97A site are appropriately modulated. The POLAR ion density remains intact by the magnetic field magnitude microvariations, while the plasma vortices are essentially associated with the toroidal magnetic field oscillations.
The magnetopause surface constitutes a rather broad-band source of waves. The B y trace of Cluster provides the appropriate parameter associated with the motion of the magnetopause boundary and its structure; and the B y PSD may correspond to the imparted energy across the boundary. Therefore, the periods included in the band T=8-11 min (Figs. 10 and 11, for the Cluster B y PSDs) probably force the magnetosphere to oscillate, whereas a cavity/waveguide mode is not developed. Under this perspective, the LYR and BJN station responses, with maximum PSDs at T ∼ =8.3 and 10 min, respectively, as well as the 97A proton flux response with T ∼ =8.3 min, are forced oscillations. The magnetosphere compressional waves, in this case, mimics the behavior of the supposed global cavity/waveguide modes, but their origin is not the fast-mode wave energy trapped in the magnetosphere. The "forced oscillations" imposed by the exo-magnetosphere pressure pulses are manifested over the ionosphere as twin vortex systems.
The event under study in this article could be considered as an ideal case for excited and observed cavity mode oscillations. The magnetosphere is successively compressed, the magnetopause boundary actually oscillates quasi-periodically, and fast mode waves probably propagate within the magnetosphere cavity. However, we fail to recognize any element that might support the cavity mode model.
The cavity mode model of Samson
The cavity mode model of Samson (CMS) is associated with the discrete (monochromatic) lines at T=4, 4.9, 6.4, 8.8 and 12.8 min. Our intention is to scrutinize each line in the light of the presented case study, and in particular, to study the first subinterval which is directly associated with the three intense solar wind pressure pulses. Apparently, the CMS lines of 4, 4.9, and 12.8 min are not observed, neither by satellite nor by ground stations. The CMS line of 6.4 min may agree with the POLAR magnetic field and ion density oscillation frequency, but the LANL 97A satellite, at the same time, does not trace such a line. The CMS line of 8.8 min is not observed in the POLAR magnetic field and the BJN X-component spectra, which show a peak PSD of T=10 min. Most importantly, the line of 8.8 min is within the frequency band extended from 8 to 10 min, corresponding to the formation of the twin vortex structures, the so-called pseudo-FLRs (Sarafopoulos, 2005) . The latter are associated with the dispersive structures of ground magnetograms shown, for the case under study, by Sarafopoulos (2004b, Fig. 1) . Actually, the LYR station PSD is peaked in between T=8 and 10 min (Fig. 9, top panel) ; and the same result is inferred from the Cluster 3 B y PSD (Fig. 10, third panel) , which reflects the magnetopause dynamics. Therefore, our crucial conclusion is that no CMS frequency is detected in this case study.
Conclusion
Despite the well-organized multipoint observations, no evidence of any eigenfrequency associated with a cavity mode oscillation is detected within the magnetosphere. Our final opinion is that we have to look at a few more similar case studies with multipoint observations. If the additional observational evidence aligns with this study result, then we will have to abandon the idea that the magnetosphere resonates as a cavity within the Pc5 frequency band.
